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.2012.09.0Abstract El-Salam Pump Stations (1) and (2) are located at 22.1 km and 54.3 km respectively at
El-Salam Canal. When El-Salam Pump Station (1) is in operation, and switching off El-Salam
Pump Station (2), water level rises upstream El-Salam Pump Station (2). Water level overtops
El-Salam Pump Station (2) and banks upstream it. Flooding then takes place as Wadi El Noqra
Canal, Egypt. This necessitates discharging the excess water to protect the pump station and the
canal from water ﬂooding when the electricity is shut down. The hydrodynamic simulation of El-
Salam Canal determinates the critical time for storage capacity according to location and type of
emergency spillways through the numerical model to prevent water overtopping upstream pump
stations. Determination of the critical time of storage capacity is considered as a new parameter
in case of the hydraulic design of the canal controlled by cross pump stations.
 2012 Ain Shams University. Production and hosting by Elsevier B.V.
All rights reserved.1. Introduction
El-Salam Canal is located at North East of Egypt. It supplies
water for the reclamation of the new lands east and west of
Suez Canal. Total length of the Canal is about 220 km. The
Canal passes through ﬁve Governorates: Damietta, Dakahliya,
Sharkiya, Port-Said, and North Sinai. The general layout of22642428.
tmail.com (A.M. Nada).
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05the Canal is shown in Fig. 1. El-Salam Canal was designed
to supply irrigation water to 620,000 feddans [1] of new
reclaimed land, 220,000 feddans at western side of the Suez
Canal and 400,000 feddans east of Suez Canal in Sinai. Seven
pumping stations are constructed along El-Salam Canal.
El-Salam Pump Station (1) is located at 22.1 km and El-Salam
Pump Station (2) at 54.3 km. The environmental impact
assessment of El-Salam Canal has been studied and presented
in [2–5,6,7]. The operation management system for El-Salam
Canal was studied in [8].
2. Identiﬁcation of the problem
For El-Salam Pump Station (2), when the electricity is shut
down suddenly, the water level rises up and overtops the banksier B.V. All rights reserved.
Figure 1 General layout of El-Salam Canal.
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Figure 2 Cross section upstream El Salam Pump Station (2).
216 A.M. El-Belasy et al.at the upstream of the station as the pump are located at low
levels. Therefore, a quick solution or reaction should be ap-
plied to overcome this problem. Fig. 2 presents cross section
upstream El-Salam Pumps Station (2), water and banks’ levels.
3. Real example of the problem
In December 2011, Wadi El Noqra Canal was ﬂooded because
of this problem and caused catastrophe for its region. Fig. 3Figure 3 Banks’ failure.shows banks’ failure due to electricity damage in Wadi El
Noqra Pump Station and Fig. 4 shows the villages’ ﬂooding
[8,9].
4. Pumps background
The main parameters of designing pumps are ﬂow discharge,
elevation difference, pipe friction and Net Positive SuctionFigure 4 Villages’ ﬂooding.
Determination of the critical time of canal storage capacity controlled by cross pump stations 217Head (NPSH). Choosing of pumps’ level affects the NPSH
parameter. In addition, this study adds a new hydraulic design
parameter inﬂuenced by pumps’ level which is the critical time
of the storage capacity for protection against ﬂooding in case
of canal controlled by cross pump stations.
5. Objective of the study
The objective of the present study is to select the best location,
type and the appropriate dimensions of the emergency spillway
to discharge the excess water and protect El-Salam Pump Sta-
tion (2) from overtopping when the electricity is shut down.
Numerical model is used to simulate to El-Salam Canal and
different scenarios were tested to prevent El-Salam Pump Sta-
tion (2) from overtopping.6. The studied area
Hydraulics Research Institute applied SOBEK 1-D for select-
ing the suitable control for El-Salam Pump Station (2). The
studied area covered the reach of El-Salam Canal and Bahr
Hadous Drain as shown in Fig. 5. The reach of El-Salam Ca-
nal is located near El-Manzala Lake and parallel to it. The
mouth of Bahr Hadous Drain is located at El-Manzala Lake.
The length of the second reach is 32.20 km, from Pump Station
(1) to Pump Station (2). The simulated length from Bahr Ha-
dous Drain is about 12.0 km; 2.0 km located right of the canal
and 10.0 km left of the canal. The canal passes underneath the
drain through a siphon.
7. Determination of emergency spillway locations
Site visit was carried out along the studied area covering the
whole area around the canal. Based on this site visit and satel-
lite images, several locations for the emergency spillway were
studied according to the available area and water levels.
Among these locations, two of them were selected and simu-
lated. The suggested suitable locations for the spillways are:
1. 40.75 km Which discharge excess water to El-Manzala
Lake,
2. 54.30 km Which discharges excess water to Bahr Hadous
Drain.Figure 5 Studied area of El-Salam Canal,8. Model setup
A numerical model SOBEK1-D was applied to simulate
El-Salam Canal. SOBEK is a powerful 1D and 2D tool devel-
oped by WL Delft Hydraulics, the Netherlands for ﬂood fore-
casting, drainage systems, irrigation systems, sewer overﬂow,
ground-water level control, river morphology, salt intrusion
and water quality [10]. The hydrodynamic behavior of these
systems is well described by a set of equations known as the
Saint–Venant equations [11]:
@Q
@x
þ B @H
@t
¼ 0 ð1Þ
@Q
@t
þ
@ Q
2
A
 
@x
þ gAðSf  S0Þ ¼ 0 ð2Þ
where Q is the discharge (m3/s); x, the longitudinal distance
along the channel in the direction of ﬂow (m); t, the time (s);
B, the water surface width (m); H, the water depth (m); S0,
the slope of channel bottom; Sf, the slope of energy grade line;
g is the acceleration due to gravity (9.81 m/s2). In order to cal-
culate Sf, Manning Equation is applied.
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where R is the hydraulic radius (m); V, the mean velocity (m/s);
n is the Manning’s resistance coefﬁcient m
1
2
s
 
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There are many methods to solve numerically the Saint–
Venant equations in order to improve study the real system
[13].
The simulated reach starts from 22.1 km (El-Salam Pump
Station (1) (to 54.3 km (El-Salam Pump Station (2)) in addi-
tion to 12.0 km from Bahr Hadous Drain to El-Manzala lake.
The Hydrographic survey and Eco-sounding were applied at
thousands of points for El-Salam Canal in 2007 [14]. This
was to represent the topography of the cross sections of the ca-
nal with mutual distance of 100 m. The measured (existing)
cross sections were used to simulate the canal, all structures
and off takes, in addition to the suggested spillway. The com-
parison between designed and existing cross sections was done
at [14]. The numerical model for El-Salam Canal with a length
of 32.3 km from 22 km, to 54.3 km includes 312 cross sections;
23 off takes of branch canals, two bridges, one siphon and twoBahr Hadous Drain and Manzala Lake.
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Figure 8 Variation of water level upstream El-Salam Pump
218 A.M. El-Belasy et al.Pump Stations (1) and (2). The numerical model of Bahr
Hadous Drain includes 112 cross sections; one off-take of
El-Salam mixing Pump Station (3) and cross regulator at 8.00 km.
The numerical model was calibrated and a good agreement
between measured and calculated water levels was obtained
[12].
9. Modeled scenarios
Five Scenarios were tested by the model. It was assumed that,
Pump Station (2) will be switched off after operating the model
and reaching the steady state conditions for all scenarios. The
ﬁrst scenario represents the canal without simulating the spill-
way. The second and third scenarios simulate the canal and
introducing the spillway at 40.75 km. Weir was used as a type
of spillway for second scenario and regulator type was used for
third scenario. The fourth and ﬁfth scenarios simulate the ca-
nal and introducing the spillway at 54.30 km. Weir was used as
a type of spillway for fourth scenario and regulator type was
used for ﬁfth scenario.
9.1. Scenario (1) Existing situation
The model was set to simulate the existing reach from 22.1 km
to 54.4 km and sudden shut down to El-Salam Pump Station0
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Figure 6 Variation of water level upstream El-Salam Pump
Station (2) during 2 h, Scenario 1.
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Figure 7 Variation of Water level upstream El-Salam Pump
Station (2) during 2 h, Scenario 2.(2). The designed water level is 0.5 m upstream El-Salam Pump
Station (2) and the critical water level is 1.5 m for the overtop-
ping El-Salam Pump Station (2). At existing situation, it is
reached after about 80 min. Fig. 6 shows the variation of water
level upstream El-Salam Pump Station (2) for 2 h. It is noted
that, within 14 min, the water level rises rapidly until it reaches
the Berm level. More rise of water level adds the berm width to
the cross section capacity bringing about gradual increase in
water level.Station (2) during 2 h, Scenario 3.
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Figure 9 Variation of water level upstream El-Salam Pump
Station (2) during 2 h, Scenario 4.
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Figure 10 Variation of water level upstream El-Salam Pump
Station (2) during 2 h, Scenario 5.
Table 1 Summary of scenario results and comments.
Scenario
no.
Description Critical time of storage
capacity to reach level 1.5 m
upstream of El Salam
Pump Station (2) (min)
Comments
1 Existing situation of the canala 80 High risk
2 Existing situation + operating a Spillway Weir at 40.75 km 84 No eﬀects
3 Existing situation + operating a Spillway Regulator at 40.75 km 110 Low eﬀects
4 Existing Situation + operating a Spillway Weir at 54.3 km 95 Low eﬀects
5 Existing situation + operating a Spillway regulator at 54.3 km Inﬁnity Solving the problem
completely
a El-Salam Pump Station (1) is in operation and switching off El-Salam Pump Station (2).
Determination of the critical time of canal storage capacity controlled by cross pump stations 2199.2. Scenario (2) Spillway Weir at 40.75 km
This scenario involves locating the spillway at 40.75 km, with
weir crest level 1.2 m and width 20 m to discharge excess water
to El Manzala Lake. Fig. 7 shows the variation of water level
upstream El Salam Pump Station (2) during 2 h. The critical
water level of 1.5 m will be reached after about 84 min.
9.3. Scenario (3) Spillway Regulator at 40.75 km
This scenario involves locating the spillway at 40.75 km with
regulator, the gates are opened at water level 1.2 m, the bed le-
vel of the regulator is 0.5 m. Fig. 8 shows the variation of water
level upstream El-Salam Pump Station (2) during 2 h. The crit-
ical water level of 1.5 m will be reached after about 110 min,
9.4. Scenario (4) Spillway Weir at 54.3 km
This scenario involves the locating the spillway at 54.3 km with
crest weir level 0.7 m to discharge excess water to Bahr Hadous
Drain. Fig. 9 shows the variation of water level upstream El-
Salam Pump Station (2) during 2 h. The critical water level
of 1.5 m will be reached after about 95 min.
9.5. Scenario (5) Spillway Regulator at 54.3 km
This scenario involves locating the spillway at 54.3 km with
regulator, the gates are opened at water level 0.75 m, to dis-
charge excess water to Bahr Hadous Drain the bed level of
the regulator 2.50 m, Fig. 10 shows the variation of water le-
vel upstream El-Salam Pump Station (2) during 2 h. The crit-
ical water level of 1.5 m will not be reached.
10. Summary and conclusion
Problem of banks’ ﬂooding and pump stations overtopping is
occurred in Egypt in case of canal controlled by cross pump
stations. Wadi El Noqra Canal was ﬂooded because of the
electricity shutting down suddenly of the downstream pump
station although the upstream pump station still in operation.
The water level rose up and overtopped the banks and village
at the downstream pump regions’ and caused disaster at
December 2011.
The present study is a hydrodynamic simulation of El-Sal-
am Canal from El-Salam Pump Station (1) 22.1 km to El-Sal-am Pump Station (2) 54.3 km respectively. The simulation is
considered that El-Salam Pump Station (1) is in operation
and switching off El-Salam Pump Station (2) to determinate
the water level raises upstream El-Salam Pump Station (2).
The critical time of storage capacity according to location
and type of proposed emergency spillways was calculated for
ﬁve scenarios. Table 1 shows the summary of scenario results
and comments. It is concluded that the major effect of spillway
location is in the upstream of El-Salam Pump Station (2) at
54.3 km using the type of regulator controller.11. Recommendation for the future studies
In case of canal controlled by cross pump stations, the usual
hydraulic design of pump stations neglect predicting the water
level rises due to the electricity’s shut down of the pump sta-
tion which needs to discharge the excess water. Neglecting this
parameter causes ﬂooding catastrophe for the pump station
and surrounding villages of the canal.
It is recommended to use a hydrodynamic numerical model
to simulate the canal controlled by cross pump stations. The
critical time of the storage capacity of the canal should be
determinate according to the location and type of proposed
emergency spillways which is considered as a new parameter
in the hydraulic design of the canal controlled by cross pump
stations.
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